Metabolic profiling of Pseudomonas aeruginosa demonstrates that the anti-sigma factor MucA modulates osmotic stress tolerance.
Metabolic footprinting has shown enormous potential as a phenotyping tool and we are interested in applying it to understand the physiology of the opportunistic pathogen Pseudomonas aeruginosa during its chronic infection of the lungs of cystic fibrosis patients. The selection pressures of surviving in the CF lung environment lead to genetic adaptations of the bacterium. A common adaptation is mutation of the mucA gene, resulting in a loss-of-function mutation to the anti-sigma factor MucA, which leads to a mucoid phenotype as a consequence of the overproduction of the extracellular polysaccharide alginate. However, apart from the mucoid phenotype little is known about the overall metabolic and physiological changes caused by mucA mutation. We investigated the pleiotropic metabolic effects of this mutation using time-resolved metabolic footprinting (extracellular metabolomics), and found changes in the levels of various metabolites associated with osmotic tolerance, including glycine-betaine, trehalose and glutamate. Physiological experiments confirmed that the isogenic mucA22 mutant is less resistant to osmotic stress than the parental PA01 wild-type strain, but only in the stationary phase of growth. Quantitative comparison of the endometabolome of the cells showed differences in the accumulation of osmoprotective metabolites by the wild-type and mucA22 mutant strains, suggesting a switch in osmo-protectant preference from glycine-betaine to trehalose.